MURATA, N., and M. P. STARR. 1974. Intrageneric clustering and divergence of Errvblia strains from plants and man in the light of deoxyribonucleic acid segmental homology. Can. J. Microbiol. 20: 1545-1565. The relationships among Erwinia species (originating from plants and man) and other enterobacteria were examined in terms of DNA-DNA segmental homology. All of the organisms studied show a "core homology" amounting to about 10-15%, thus supporting the inclusion of the erwinias in the taxonomic vicinity of the other enterobacteria, and also revealing that the present genus Er,vitlia is hardly separable from the other enterobacterial genera solely on the extent of DNA-DNA segmental homology. Genetic clusters based onDNA-DNA segmental homology are found within all of Dye's "natural" (phenotypic) groups of the genus Er,vit~ia. However, these genetic clusters are not coextensive with any entire natural group, and designation of any of them as genera seems implausible at present. Except for a few cases of obvious synonymy, the several Errvinia nomenspecies generally showed significant nomenspecies-specific segments of DNA, but a taxonomic revision at the species level based only o n DNA-DNA segmental homology would seem premature. The Erlvhia strains isolated from human clinical sources are essentially indistinguishable on the basis of DNA-DNA segmental homology from the epiphytic and related Erwit~ia strains derived from plants. [Traduit par le journal]
Introduction
The classification of the genus Erwinia (31) and its species has considerable practical and theoretical importance. These bacteria cause important plant diseases and they belong to the family Enterobacteriaceae, a major bacterial family of much significance to human and animal hygiene. Classifying these bacteria correctly has become even more urgent because of recent findings that Erwirlia strains cause diseases of man and other animals (reviews: 29, 31) .
One of the complications in classifying these organisms in hierarchical taxa lies in their intrageneric clustering in terms of pathogenic capacity as well as in terms of bacteriological phenotypic characteristics (thus forming the so-called "natural" groups). The four natural groups depicted by have generally been accepted by the community of phytobacteriologists. One group, which is similar in many bacteriological traits to the coliform 'Received February 28, 1974. enterobacteria, consists of Erwinia species with ZPresent address: Department of Genetics, National strong pectolytic activity (23) (24) (25) 28 ) that Institute of Agricultural Sciences, Ohara, Hiratsuka, Kanagawa-ken, 254 Japan. enables them to cause soft-rot (i.e. tissue-macerating) diseases in a wide variety of plants; it is called the "carotovora group" or "soft-rot group." Removal of this soft-rot group from the genus Erwinia to create the genus Pectobacteriunz has been proposed (34) and supported (6), though Dye (13) and others maintain that the differences between these and other erwinias are not sufficiently significant to warrant such generic placement. Another of Dye's (12) natural groups of Erwinia, the members of which form neither pectic enzymes nor yellow pigments but do cause dry necrotic symptoms on plants, is often typified (perhaps unjustifiedly) by Erwinia anzy1ol:ora and is called the "amylot'ora group," "white-colony, nonpectolytic erwinias," "Erwinia sensu stricto," or "true erwinias." The members of the third of Dye's (14) natural groups of Erwinia (usually) produce a yellow, water-insoluble pigment; such organisms are commonly isolated from the surfaces of plants as epiphytes or from diseased plants as pathogens or saprophytes. Most isolated epiphytes and saprophytes belonging to this group are included in a species Erwinia Izerbicoln, and those from diseased plants are named E. nlilletiae, E. ananas, E. latlzyri, E. mangiferae, etc., in accordance with their claimed but sometimes dubious pathogenicity. Dye (14) contends that most of these yellowthrown light on another controversial genus of phytopathogenic bacteria, Xanthonzonas (27) , should be a powerful tool in solving the present entangled problems in the classification of Erwinia species. In fact, Brenner et al. (2) (3) (4) (5) (6) and Gardner and Kado (17) , in their DNA-DNA homology studies on enterobacteria, including some erwinias, have succeeded in revising part of the notion maintained by Dye (12) (13) (14) (15) and other Erwinia taxonomists that some of the current nomenspecies of the genus Erwinia are not diverse enough to justify their classification as separate species, by showing clear distinctions between the tested and reference nomenspecies in inany combinations of DNA's examined. Their results show, however, that the generic classification is itself rather ambiguous: the extent of partial homology among Erwinia nomenspecies shown in these studies is not significantly greater than the intergeneric partial homology between Erwinia species and some species belonging to other genera of enterobacteria such as Escherichia, Salmonella, Shigellu, Klebsiella, etc.
Comprehensive comparative studies of DNA-DNA segmental homology, conducted systematically, are needed (a) among Erwina nomenspecies within a single natural group, (b) among the members of the several natural groups, and pigmented "pathogens" are in fact common (c) among Erwinia and other enterobacterial saprophytes (epiphytes) on plants, which have genera. Such studies might well lead to recognibeen confused with pathogens because they tion of genetic clusters and thus facilitate a often outgrow the true pathogens on isolation rational classification of these organisms. A plates. These organisms, when considered as a good start has been made in this direction. group, are called the "herbicola group" or the Brenner et nl. (4) carefully studied the divergence "yellow-saprophyte group." Yellow-pigmented of base sequence within the reassociable segErwinia strains isolated from man and other ments of DNA, as well as the extents of reanimals (1, 19, 26, 29, 30, 33) are generally association, on a rather restricted number of considered as belonging to the herbicola group; Erwinia nomenspecies and other enterobacteria we shall refer to them here as "human clinical erwinias"; they are also called Enterobacter agglornernns (16) and by many other names (29, 31) . The fourth of Dye's (15) groups is a n~iscellaneous assemblage that he terms "atypical erwinias." Dye (12) (13) (14) (15) has proposed reducing the number of species in the genus Erwinia to five: E. amylovora, E. herbicola, E. uredot'ora, E. stewartii, and E. cnrotovora. We shall return later to evaluate this and other taxonomic by their hydroxyapatite method. They reported that there is about 15% of "core relatedness" among the white nonpectolytic phytopathogen group, the soft-rot group, and the yellowsaprophyte group, and that there is at least 50% (and possibly 70-80%) of additional homology between two soft-rot species, E. carotovora, and E. aroicleae, on top of the core relatedness. More recently, Brenner's group (D. J. Brenner, personal communications) has been exploring proposals.
independently, but most cooperatively, the DNA-DNA homology studies, which have clustering of additional nomenspecies based on DNA-DNA reassociation rate and divergence of base sequence of reassociation fragments side by side with the present study; D. J. Brenner has generously exchanged information, cultures, and DNA's with us. Their results, partly complementing ours and personally communicated to us, will be referred to at appropriate points below. (Their formal paper on the soft-rot group (6) appeared when our experimental program was essentially complete, and a draft manuscript concerning their studies with the true erwinias (5) was in our hands as this paper went into the last of a lengthy series of drafts.) Another cooperative group, Gardner and Kado (17) , examined, by the standard nitrocellulose-filter method, the homology among representatives of 10 Erwitiia nomenspecies consisting of a few members of each of Dye's three major natural groups. They reported partial homology to the extent shown by Brenner et al. (4) among these natural groups and showed that there was a little higher homology between E. rubrifclciens and E. nigrifluens, both of which are in the white nonpectolytic phytopathogen group and both of which are pathogens of the walnut.
Both of the aforeinentioned research groups agree with the notion that some nomenspecies of Er~itlia are distinguishable from each other, whereas the genus Erwinia is hardly distinguishable, by the methods they used, from some other genera of the Enterobacteriaceae in terms of the ilucleotide sequences of their DNA's. However, the available information on the clustering of organisms within the genus Er~tYtlia is still so fragmentary that it is not yet possible to establish a solid concept of the systenlatics of these organisms on the basis of genetic relatedness. The present study was aimed at a thorough examination of the phytopathogeilic and epiphytic Erwit~ii~ nomenspecies from plants and the emerging Erwinia pathogens of man for their mutual relatedness in terins of DNA-DNA segmental homology. We have paid special attention to the clustering and divergence within the genus Erwinia by using a revised i~itrocellulose-filter method that we have devised for examining directly the DNA-DNA segmental-homology relationships between a pair of organisms or among three organisms (27) . Participation of some Erwinia species in episomal or chromosomal genetic exchange with members of Escherichia and other enterobacterial genera has been demonstrated (7-10); correlations were sought in the present study between such recombinational compatibility and DNA-DNA segmental homology.
Materials and Methods

Bacter.ia1 Cultures
The bacterial cultures used in these studies are listed in Table 1 . Most cultures came from the International Collection of Phytopathogenic Bacteria (ICPB), Department of Bacteriology, University of California, Davis. Other cultures were received from C. I. Kado, Department of Plant Pathology, University of California, Davis, and from the American Type Culture Collection (ATCC). Two Erwirzia arnylovora strains with F'lacf introduced from Escherichia coli (7) were also included. Some of the strains had been examined before for the possibility of transferring episomal and chromosomal markers from and to other enterobacteria (7) (8) (9) (10) . In the tabulation of cultures in Table 1 , the Erwinia nomenspecies are categorized into the three major natural groups: soft-rot, white nonpectolytic phytopathogen, and yellow-saprophyte plus human clinical erwinias (21, 32) . Although Dye (15) regards E. dissolvens and E. ~~ir~lipressliralis as atypical with respect to the three major natural groups of the genus Erwinia (and we tentatively concur with this opinion), we have tabulated these two nomenspecies in the yellow-saprophyte and white nonpectolytic phytopathogen groups, respectively. Guanine-cytosine (% G + C) contents, as well as buoyant densities in CsCl from which they were calculated of the DNA's of these cultures are also listed in Table 1 . The values given are either those obtained by Starr and Mandel (32) or those determined by Stephen A. Douglass on our DNA's prepared for the present study.
Culture Meclia
Dehydrated nutrient broth was reconstituted such that 1 1 contained 8 g of Difco nutrient broth; in some cases, it was modified to contain in addition (per liter) 5 g of NaCI, 1 g of yeast extract, and (or) 5 g of Casamino acids. The medium used in the labelling of DNA with 3H-thymidine consisted of (per liter) 2 g of KH,PO,, 7 g of K2HP04, 0.1 g of MgSO4.7H10, 1 g of (NH,)lSO,, 1 g of carbon source, 15 g of Casamino acids, and 0.5 g of NaCI. This medium was further enriched with nicotinic acid (50 pg/ml) or thiamine (5 pg/ml) when used for the cultivation of E. arnylovora and E. herbicola cultures, respectively.
Extraction of DNA
For the preparation of unlabelled DNA, the bacterium was grown in nutrient broth, either original or modified. Harvested cells were resuspended in SSC3 containing 27% sucrose, and partially lysed with lysozyme. Pronase (0.1%) was then added, and the preparation was completely lysed with sodium lauryl sulrate (final concentration, 1.0%). The lysate was further incubated (1-7 h at 37°C) to digest protein with Pronase, then it was subjected to the DNA-extraction procedures described by Murata and Starr (27) ; these are modifications of Marmur's method (22) . The purified DNA was dialyzed against M EDTA,3 pH 7.5, and stored at 4OC. Lysates of a few cultures, such as E. oleraceae E 0 1 and E . solanisapra ESlOl, lose their viscosity very rapidly, presumably because of active nucleases. In such cases, heating the fresh lysate to 70°C for 3-5 min was found to be effective in preventing the loss of viscosity and in securing a high yield of good quality DNA. Brenner et al. (6) have independently reported similar experiences with some Erwitria strains.
Some DNA preparations were received from D. J. Brenner and from J. M. Gardner and C. I. Kado. They are so noted in Table 1 . The received DNA was redialyzed and stored. Similarity of their reassociation efficiencies with our DNA's was confirmed with a few samples.
Preparatiot~ of Radioactive DNA
Tritiated DNA with high specific activity (1.1 x lo5 to 3.8 x loi dpm/pg DNA) was prepared by the use of a high dosage of 3H-thymidine and by the use of 5-fluorodeoxyuridine to inhibit thymidilate synthetase (27) . Cells were grown in the medium specified above, supplemented with the vitamins where necessary. At about one and a half to two generations before harvesting, 3H-thymidine and 5-fluorodeoxyuridine were added to the culture at final concentrations of 6-9 pCi/ml and about 5 pg/ml, respectively. The radioactive DNA was extracted and purified as described in the previous paragraph. It was then sheared by sonication (Biosonik 11, Bronwill Scientific, Rochester) for 30 s at 20% of maximum probe intensity, and denatured by heating and quenching before application to the reaction for hybridization. DNA of E. carotovora EC208 labelled with 32P, received from D. J. Brenner, was redialyzed and processed as above before use in hybridization trials.
DNA-DNA Hybridiza/iotz
For examining DNA-DNA segmental homology between a pair of organisms, the double-filter method described by Murata and Starr (27) was used with minor modifications. The method is in principle based on the nitrocellulose-filter method of Denhardt (1 1). Two membrane filters (Millipore or Sartorius, 0.45 prn), on which denatured, unlabelled, unsheared DNA's in SSC solutions of the tested and the reference organisms, respectively, were immobilized, were pretreated with Denhardt's preincubation medium (PM).3 Thereafter, the filters were incubated, with shaking, at 37°C in pairs consisting of a reference DNA filter and a tested DNA filter in a solution 3EDTA is the abbreviation for ethylenediaminetetraacetic acid. PM (1 1) contains 0.02% each of Ficoll, polyvinylpyrrolidone, and bovine albumin fraction V. Halfstrength PM is referred to as 0.5 x PM.
SSC is a mixture of 0.15 M NaCl and 0.015 M sodium citrate at pH 8.0. Half-strength SSC is referred to as 0.5 x SSC, double-strength SSC as 2 x SSC, and sixfold concentrated SSC as 6 x SSC. We wish to correct here an unfortunate error that occurs on p. 288,4th line from the bottom, of the paper by Murata and Starr (27) : the sodium citrate content of SSC should be corrected to read 0.015 M (not 0.15 M).
containing denatured, sonicated, radioactive DNA as well as 50% formamide and some other reaction mixture components (0.4 M Tris-HC1 at pH 7.5, 0.5 x PM, 0.5 x SSC). After the incubation, the filters were washed at 37°C (four times with a solution containing 50% formamide, 0.4 M Tris-HC1 at pH 7.5, and 0.5 x SSC; and two times with 2 x SSC) and examined for bound radioactivity in a liquid-scintillation counter with toluene-PPO-PPOP as phosphor. The ratio of reassociation on the tested and reference filters was corrected for the possible bias of reassociation efficiency caused by the incubation of two filters instead of one filter to obtain the segmental-homology value. The proper combination of reaction mixture components, especially formamide concentration, and temperature of incubation were determined by the examination of coincidence of theoretical and experimental conlpetitor effects on the ratio of reassociation of radioactive reference DNA on tested and reference filters (27) . In the present series of experiments, a smaller size of nitrocellulose filter was used so as to raise the concentration of the denatured DNA immobilized per unit area of filter and to minimize the hindrance of diffusion of radioactive DNA in solution, thereby to attain a higher efficiency of reassociation. In some experiments, a membrane filter (Sartorius, pore size 0.45 pm) of 25-mm diameter was loaded with denatured DNA, as before, and cut into four (or three) pieces. I n other experiments, a membrane filter (Millipore, pore size 0.45 pm) of 13-mm diameter was loaded under vacuum with denatured DNA by the use of a Swinney filter holder and a syringe attached to the filtration flask. In the latter case, the filter set in a Swinney filter holder was washed with 2.5 rnl of 6 x SSC, loaded with 1.4 rnl of denatured DNA solution (in 6 x SSC), and washed with 2 rnl of 6 x SSC. Before the syringe was filled with the solut~on for filtration, the vacant space of the holder was filled with 6 x SSC to drive off the air and thus assure a smooth filtration. A typical protocol and methods of colnputation are summari;eh in Table 2 ; further details can be found in Murata and Starr (27) .
For assessing the homology among the DNA's from three organisms, the recurrent-hybridization procedure of Murata and Starr (27) was used (Table 3) . Among the three organisms, the one for which radioactive DNA was available was designated the "primary reference," and the others were designated "secondary reference" and "tested organism." To collect the radioactive-DNA segments shared by the primary and secondary reference in the first hybridization, the radioactive primary-reference DNA was annealed with the unlabelled DNA of the secondary reference, which was firmly fixed on the nitrocellulose filter with UV irradiation, and the reassociated radioactive DNA was released by heating for 12 min at 80°C in M EDTA (27) . The radioactive DNA with segments over the entire genome and subjected to the same reassociation-denaturation treatment for use in the control was prepared as above, using the filter with unlabelled DNA of the primary reference instead of the secondary reference. The second hybridization for assessing the increase of reassociation efficiency of the secondary reference or tested DNA upon selection of radioactive-DNA segments for homology with the secondary reference was carried out on 25-mm membrane filters cut into three or S e e also Murata and Starr (27) and footnotes to Tables 3 and 5. bThe assoclatlon ratlo(f) was calculated as follows. f = rad~oactlvlty (dpm) on tested filterlradioactivity (dpm) on reference filter. The average values of the three replicate vlals were used. cR (the factor used to correct the reduction of assoclatlon due to the ~ncubation of two filters Instead of one filter) was calculated as follows from dpm's of the reference filters I" vials 1-3 and 40-42:
CThe segmental hon~ology (H) was calculated as follows:
four pieces or on 13-mm membrane filters. A typical protocol and methods of computation are summarized in Table 3 ; further details can be found in Murata and Starr (27) .
Results
Conditions Suitable for Segmei~tal-Izoin01ogj~
Studies in Er~linia The Erwinia species were categorized into the three major natural groups of Dye, as shown in Table 1 , and cultures in each of the natural groups as well as some cultures outside the group were examined by the double-filter method (27) for DNA-DNA segmental hon~ology with a few typical cultures of the group. Proper conditions for incubation of the DNA filters with radioactive DNA in solution were determined by examination of the coincidence of theoretical and experimental values in the effect of the competitor (sheared, unlabelled DNA of the tested organism) on the ratio of reassociation of tested and reference DNA's on a pair of filters in the procedure described by Murata and Starr (27) . Such trials with E , an~ylovora EA178 and E. herbicola EH103 revealed that incubation at 37°C in the presence of 50% formamide, 0.4 M Tris-HC1 at 7.5, 0.5 x SSC, and 0.5 x PM gives reassociation values generally in accord with the segmental concept. Filters were loaded with equal quantities of the DNA's on the assumption that the genome size is uniform among the erwinias; the reasonable consistency of association values in reciprocal tests, where such were conducted, justifies the assumption and the practice. In very few cases, anomalous hon~ology values > 1.0 (i.e. > 100%) have been recorded; the exact cause(s) and significance of such values remain to be determined.
The Soft-rot Er~vinias
Cultures belonging to Dye's soft-rot natural group as well as some erwinias in other natural groups and enterobacteria of other genera were examined for their DNA-DNA segmental homology with E. carotovora EC208, E. aroicleae EA144, and E. cytolytica EC207. Results are shown in Table 4 . Two clusters of strains characterized by high DNA-DNA homology within themselves are recognized in the soft-rot natural group: one cluster consists of E. carotovora EC208 and EC153, E. solanisapra ES101, E. aroideae EA144 and EA13, E. oleraceae E01, E. atroseptica EA194, and E. carizegieana EC187; the other cluster consists of E. cytolytica EC207, E. chrysantlzen~i EC16, the corn-stalk rot pathogen "E. carotovora f. sp. zeae" EM107 and EC209 (20) , and E. dieffen- Table 2 , the calculated value of R = 0.800 being used here. See also Murnta and Starr (27) , Fig. 1 , Table S , and text.
bachiae ED102. Strains of the former cluster showed higher homology with either E. carotovora EC208 or E. aroideae EA144 than with E. cytolj~tica EC207 and, conversely, strains in the latter cluster showed higher homology with E, cytolytica EC207 than with E. carotovora EC208 or E. aroideae EA144. The two genetic clusters found in the soft-rot natural group are tentatively called the "carotovora-aroideae cluster" and the "cvtolvtica cluster." ganisms within the cluster but higher than that of Xanthon~onas pisi, an organism from an unrelated family (Table 4 ). The variation of partial homology is gradual and (based on an admittedly small number of DNA's examined) there appears to be no discrete boundary separating the entire genus Erwinia from the other genera of Enterobacteriaceae nor one separating the entire soft-rot natural group from the other natural erouDs. Erwinia strains outside one of the clusters, Strains within the cluster also showed a minor either those belonging to the other cluster of variation in extent of homology, suggesting that the soft-rot natural group or those beIonging the clustering does not necessarily mean that to other natural groups, as well as a few repre-there is a perfect uniformity of organisms sentative strains belonging to the genera within the cluster. Only E. solanisapra ESlOl Escherichia, Salmonella, Shigella, and Klebsiella, and E. carotovora EC208 showed essentially showed partial homology with the reference complete homology. That the imperfection of organisms. The homology in these cases was homology is significant, though the difference distinctly lower than that shown by the or-is small, is manifest in the similarity of the I:] 8 0.9 P H , 35 000 dpm) 8
1.0 (3H, 220 000 dpm)
. .
OThere are fairly broad discrepancies between the duplicate values for segmental homology of strain EC208 with strains EC153. E01, EA194 and EC187. This variation in these closely related strains may result from a partial irregularity in matching DNA segments shared by t h e d (see also Corr Iio~irolo~y in Results section of text).
imperfect homology shown between E. carotovora EC208 and E. aroideae EA144 in reciprocal tests.
The White Nonpectolytic ("Amylovora" or "True Erwinia") Phytopathogen Group The white nonpectolytic phytopathogen natural group of the genus Erwinia is usually typified by E. amylovora and is often called (perhaps unjustifiedly, as we shall show) the "amylovora group." Cultures belonging to this group, as well as some strains belonging to other natural groups of Erwinia and to other genera of Enterobacteriaceae, were examined for their DNA-DNA segmental hoinology with E. rubrifclciens ER103, E. salicis ES4, and E. amylovora EA178. Results are shown in Table 5 .
Except for the replicate strains belonging to a given nomenspecies (which showed essentially complete homology), no genetic clusters with a high homology such as we observed in the carotovora-aroideae or cytolytica clusters of the soft-rot natural group could be discerned in the white nonpectolytic phytopathogen natural group. However, a less closely related cluster was observed. Partial homologies shown by strains of E. salicis and E. nigrifluens against E. rubrifaciens ER103 and those shown by E. rubrifaciens and E. nigrifluens against E. salicis ES4 were invariably higher than the values shown by other nomenspecies of this group. Higher reassociation of DNA between E. nigrifluens and E. rubrifaciens (both pathogens of walnut) than between E. amylivora -and 2.9 (550 000 dpm) I . 6 (600 000 dpm) 0.64 (15 000 dpm) 0. 6 (30 000 dpm) aF'loc+ recombinants (7).
E. rubrifaciens was recorded by Gardner and
Kado (17) in their experimental data, though they did not put forth its significance in their discussion. Erwirzia amylovora, which has generally been taken as the central or typifying nomenspecies of a inajor natural group of erwinias, showed no genetic clustering with any of the organisms except with other strains of E. amylovora. Except for the aforementioned partial homology exhibited by strains of E. rubrifnciens, E. salicis, and E. nigrlj-luens, the partial-homology values shown by the entire collection of enterobacteria with any of the reference strains in this group were generally low with minor variations, but significantly higher than the negligible value given by Xanthornonas pisi. There was no clear-cut separation between the genus Erwinia and other genera of Enterobacteriaceae nor between the entire white nonpectolytic phytopathogen group and other natural groups of Erwinia.
The two strains of Erwinia nnlylovora EA178 carrying an Escherichia coli F'lac' showed perfect homology with the original strain EA178 not bearing this plasmid.
The Yellow-saprophyte Group and the Hun~an
Clinical Erwinias Clustering of strains in the yellow-saprophyte 
Quantities of DNA on filters and in solution when filters were loaded with unlabelled DNA and incubated in 1.8 ml solution containing tritiated DNA in 50% formamide, 0.4 M Tris-HCI at pH 7.5,0.075 M NaCI, and 0.0075 M sodium citrate, at 37'C Column 3H-DNA in solution DNA on filter, pg 2.0(13000cpm) 3.9 (27 000 cpm) group was examined with E. Izerbicola EH103 and E. milletiae EM1 16 as references (Table 6 ). All strains in the yellow-saprophyte group examined (except for a strain of E. dissolveizs, a doubtful member of this group) formed a loose cluster showing higher homology with either of the references than any other strain shows. Among the clustered strains, five strains (E. herbicola EH103, EH106, and 3163, and E. inilletiae EM 1 16 and EM 102) showed especially close relatedness, whereas a few other strains of E. herbicola as well as other nomenspecies in the group showed a considerable variation in the values of partial homology against the references. Erwinia herbicola 2858A, an isolate from man (30) , is positioned in what we are calling the "herbicola-milletiae genetic cluster." Escherichia coli and a few species of Erwinia not belonging to the herbicola-milletiae cluster showed a partial homology comparable with the values shown by non-clustering enterobacteria in the experiments on other natural groups.
In another series, Erwinia strains isolated from man, Erwinia herbicoln strains from plants, and other enterobacteria were examined for DNA-DNA segmental homology with a plant strain of E. Iierbicola (EH103) and two human clinical Erwinia strains (EH124 and EH131) as references. The neotype strain (3435) of Enterobacter agglonierans, the taxon proposed (1 6) as a substitute for Erwinia herbicola, was included in this series. The results are shown in Table 7 . It is evident that all of the Erwinia strains isolated froin man that we have examined are related to the rest of the enterobacteria. Furthermore, they apparently all belong to the Izerbicola-millettiae cluster. These human clinical Erwinia strains as well as the isolates of E. herbicola from plants, E. uredovora and E. ananas, all of which are nomenspecies in the herbicola-inillettiae cluster, and Enterobacter aggloinerans (which is a proposed synonym for some or all of these nomenspecies) showed higher homology with the reference cultures (EH103, EH124, and EH131) than did the 
OFilters for items in columns (1). (2), and (3) were prepared simultaneously for accuracy of reciprocal comparison.
Erwinia strains that belong to other genetic clusters (E. rubrifaciens, E. carotovora, and E. cytolytica). Interestingly, there were a few human clinical Erwinia strains that showed especially close relatedness to one or more of the three arbitrarily selected reference strains used in this series: EH134 showed high homology with the reference EH124, EH148 with the reference EH131, and EH145 and 2858Y with the reference EH103 (a plant strain). Among them, EH131 and EH148 showed almost complete homology, but other strains were clearly distinguishable even from the most closely related strain. This nonuniformity was unequivocally shown in reciprocal examinations.
Receptivity in Conjugational Transfer in Relation to DNA-DNA Homology Some of the cultures used in the present study had been examined (7-10) for their capability of genetic exchange with other enterobacteria. Among Erwinia amylovora strains, EA178 is receptive to F'lac' and R factor conferring tetracycline resistance (TetR), originating from derivatives of Escherichia coli K12; EA169 is also receptive to this R factor, whereas EA137 is not receptive to either of these plasmids. All of these strains showed essentially complete DNA-DNA segmental homology with each other. In these and other cultures in which the possibility of conjugational genetic exchange had been shown, no correlatioil was observed between receptivity (or lack of it) to episomal and chromosomal materials from E. coli or Salmonella typhimurium and DNA-DNA segmental homology.
Recurrent Hybridization
One of the principal questions pertaining to the classification of erwinias is whether the entire assemblage of Erwinia nomenspecies forms a single genetic cluster sufficiently separable from other genera of Enterobacteriaceae to be designated as a genus. The foregoing experiments demonstrate that the strains of Erwinia not belonging to the genetic cluster of the reference organism show as low a partial homology as a few enterobacteria of other genera, apparently ruling out the rational separation on this basis of the genus Erwinia from the other genera of the Enterobacteriaceae.
However, these observations do not permit a decision on whether a large proportion of the segments shared by the reference strain of Erwinia and the non-Erwinin enterobacterial strain coincides with the segments shared by the reference strain and another strain of Erwitlia. To approach an answer to this problem, the segmental-homology relationships among three Erwim~ia nomenspecies (E. carotovora, E. amnylorora, and E. herbicola) were analyzed by the recurrent-hybridization procedure (27) to evalThe procedure of the experiments is summarized in Tables 3 and 8 and is diagrammed in Fig. 3 of Murata and Starr (27) . Radioactive DNA of E. carotovora EC208 was annealed either with the unlabelled DNA of E. carotovora EC208 (primary reference) or with the unlabelled DNA of E. amnylovora EA178 (secondary reference). It was then dissociated by heating to prepare radioactive DNA's of E. carotovora with the original proportion of segments over the entire genome (solution I) or enriched for those segments shared by E. carotocora and E. anzylooora over the rest of the genome (solution 11), respectively. Three combinations of double filters, Erwinia amylovora us. E. carotovora, E. herbicola us. E. carotovora, and Escherichia coli us. E. carotovora, were incubated in solutions I and 11. Reassociation ratios, calculated as shown in Table 3 , of E. amylovora, E. herbicola, or Escherichia coli against E. carotovora, in solutions I and 11, are shown in Table 8 . Reassociation ratios of E. amnylocora us. reference and E. herbicola us. reference showed almost equivalent increases in solution 11 over those in solutioil I. Escherichia coli also showed a significant preference, though it was less marked than in the case of the two erwinias, for reassociation with the radioactive DNA segments of E. carotovora selected for hon~ology with E. amylovora.
. , uate the size of the segments common to these Core Homology three Er~vinia nomenspecies. The results were Segmental-homology relationships among the compared with the relationships among E. four organisms, determined by recurrent hybridcnrotovora, E. nmylovora, and Escllerichia coli. ization in combinations of three organisms, are 
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aFor the first hybridization. 25-mm membrane filters (Sartorius, 0.45 pm) loaded with 50 pg of primary or secondary reference DNA and fixed with UV irradiation (27) were incubated with shaking at 37'C in 0.8 ml of solution containing 0.6 pg (1.5 x 105 cpm) of "P-DNA of E. carotoziorn in 56% formamidk, 0.4 M Tris-HC1 at p H 7.5, 0.075 M NaCl and 0.0075 M sodium citrate. Five filters each were used for primary and secondary reference. After wahine (four'times with a solution of 50Z formamide. 0.4 M Tris-HCI at o H 7.5. and 0.5 x SSC: twice with sociated radioactive DNA in 50% formamide and other reaction-mixture components, and further treated as in the first hybridization. Further details are given in Murata and Starr (27) . in Table 3 , and in Fig. 1 .
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FIG. 1. DNA-DNA segmental homology among Erwinia carotovora EC208 (primary reference), Er~virzia amylovora EA178 (secondary reference), and either Erwinia herbicola EH103 or Escherichia coli 2624 (tested organisms). Segmental-homology values were calculated by the methods summarized in the text and in Table 3 from the results of the recurrent hybridization experiments (27) shown in Table 8 . depicted in Fig. 1 . As is evident from this figure, DNA segments shared by three organisms (E. carotovora, E. anzylovora, and Escherichia coli) amount to 6.8% of the genome, a value not far less than the homologous segments (8.5%) among the three Erwinia species (E. carotovora, E. amylovora, and E. kerbicola), and they fulfill most of the partial holnology (10.6%) between a pair of organisms (E. carotovora and Esclzericlzia coli). Existence of a "core homology" (4) characterizing a group of organisms, including these erwinias and Escherichia coli, is thus confirmed.
Another inevitable question in evaluating the clustering of Erwinia species was whether the reassociation of segments bringing about the high level of partial homology between a pair of organisms that belong to a genetic cluster within the genus Erwinia is equivalent in nature of complementarity (degree of specificity, stability, etc.) with the segmental reassociation accounting for the core homology among erwinias and some other enterobacteria. To approach an answer to this question, reassociation among three soft-rot bacteria (two from the cytolytica cluster and the other from without) was analyzed by the recurrent-hybridization procedure (27) at two levels of formamide concentration, a major factor controlling the stringency of reassociation. Radioactive DNA of E. cytolytica EC207 was annealed at two levels of formamide concentration, 50 and 57%, with unlabelled DNA's of E. cytolytica EC207 (primary reference) or E. chrysanthemi EC16 (secondary reference). (In our experience, a 1.0% difference in formamide concentration corresponds to a difference of 0.8"C in temperature of annealing.) These were then dissociated to prepare the radioactive DNA's of E. cytolytica either with the original proportion of segments over the entire genome (solutions 1-50 and 1-57, depending on the formamide concentrations) or with enrichment of segments shared by the primary and secondary references over the rest of the genome (solutions 11-50 and 11-57). Two combinations of double filters, E. chrysanthemi us. E. cytolytica and E. carototjora EC208 (tested organism) US. E. cytolytica, were allowed to react with radioactive DNA processed as above at two levels of formamide concentrations. With solutions 1-50 and 11-50 selected at 50% formamide, incubation for the second hybridization was carried out at 50% formamide, and with solutions 1-57 and 11-57, at 57% formamide.
Ratios of counts (reassociation ratios) of E. chrysantheini or E. carotovora us. E. cytolytica obtained with radioactive DNA selected on E. cytolytica and E. chrysantheini under the two reaction conditions are shown in Table 9 . A peculiar phenomenon was that E. carotovora, the tested organism, showed a strong preference for radioactive-DNA segments of E. OFor the first hybridization, 25-mm membrane filters (Sartorius, 0.45 pm) loaded with 50 pg of primary or secondary reference DNA and fixed with UV irradiation (27) were incubated with shaking at 37'C in 0.8 mi of solution containing 29 pg (3.5 x 10' dpm) of tritiated DNA of E. cytolytica in 0.4 M Tris-HC1 at pH 7.5 0.075 M NaCI, 0.0075 M sodium citrate, and either 50 or 57% formamide. (Two and one half filters each wer6 used for the primary and the secondary reference at each formamide concentration.) After washing (four times with a solution ofeither 50 or 57Z formamide, 0.4 M Tris-HCI at p H 7.5, and 0.5 x SSC; twice with 2 x SSC) the filters were heated at 80-85'C in 10-3 M EDTA for 12 min to denature the duplex. The second hybridizatio; was carried out with the use of the dissociated radioactive DNA. Double filters. one with primary reference and the other with either secondary reference or tested DNA (8 pg) on one quarter of a 25-mm filter, were incubated (after fixing with UV) in the solution of radioactive DNA in either 50 or 577, formamide and other reactionmixture components, and further treated as in the firs1 hybridization. Further details may be found under Core /romology in the Results section of the text.
bReferred to in the text as solution 1-50 and 1-57, depending on the percentage of formamide. *Referred to in the text as solution 11-50 and 11-57, depending on the percentage of formamide.
cytolytica selected for homology with E. chrysaizthemi (solutions 11-50 and 11-57) in reassociating. The increase in reassociation ratio in solution 1-50 or 1-57 compared with that in 11-50 or 11-57 was more remarkable in the case of E. carotovora than of E. chrysanthemi. The remarkably high efficiency of reassociation of E. carotovora with the radioactive-DNA segments of E. cytolytica selected for homology with E. c/zrysanthemi, as compared with the reassociation of E. chrysanthemi, can be explained only by assuming that the efficiency of selection of segments in the first hybridization was different between these segments common to all three organisms and those segments shared only by E. chrysaizthenzi and E, cytolytica. Apparently, the segments shared by three organisms, two in a genetic cluster and the other from without that cluster (probably the core homology anlong enterobacteria), are more stable when annealed and enriched at higher efficiency than the segments shared only by a pair of organisms within a cluster, E. cytolytica and E. chrysantlzemi in this case. Another peculiarity of the results is the rather higher reassociation ratio for E. chrysanthemi at 57% formamide, supposedly a more stringent condition than at 50% formamide. The phenomenon is reproducible, and awaits further investigation for its possible implication to the partial irregularity of binding at DNA segments involved in intracluster homology.
Discussion
The present study attempts to reexamine the relatedness among Erwinia nomenspecies and among the genus Erwinia and some other genera of enterobacteria in terms of DNA-DNA segmental homology (27) , with particular attention to the clustering of organisms within the genus. The principal questions that we have sought to answer by this study on DNA-DNA homology in relation to the classification of Erwinia species might be rearranged as follows. (a) Do cultures of enterobacteria, including Erwinia nomenspecies, carry DNA segments that are shared exclusively by these organisms and thus might provide a rationale for delineating the entire family Enterobacteriaceae? (b) Does the genus Erwinia form one genetic cluster, whether tight or loose, distinguishing the entire genus Erwinia from other genera of the family Enterobacteriaceae? (c) Are the generally accepted major natural groups of Erwinia (soft-rot bacteria, white nonpectolytic phytopathogens, and yellow saprophytes plus human clinical erwinias) consistent with any genetic clustering, or is there any other intrageneric clustering? (d) Are the current Erwinia nomenspecies distinguishable from one another in terms of segmental homology of DNA; and what is the relationship between differentiation of nomenspecies and genetic clustering, if such exists? (e) From a practical viewpoint, does DNA-DNA segmental homology provide a basis for the unequivocal classification of poorly defined cultures (such as the Erwinia strains isolated from man or other animals) into species, into intrageneric clusters, or into the genus Erwinia? Our experimental results offer partial answers to these questions in generalized terms, though many details must await more comprehensive studies.
Experiments were designed to detect clusters ("genetic clusters") consisting of organisms with high DNA-DNA segmental homology within the major natural groups of Dye, and to compare the partial homologies shown by non-clustered organisms with the partial homologies shown by non-Erwinia enterobacteria. In our usage of the term "genetic cluster," we are referring to the group that shows a DNA-DNA segmental homology relatedness additional to that attributable to the core homology. The extent of this additional homology that delineates a cluster varies from one cluster to another. We are not yet ready to equate a particular extent of such cluster-delineating homology with delineation of a particular taxonomic entity. We consider such efforts, in the present state of knowledge, as decidedly premature.
Genetic clusters were found within all of these natural groups. The soft-rot natural group consists of two genetic clusters: one (the carotovora-aroideae cluster) formed by strains of E. carotovora, E. solanisapra, E. aroideae, E. oleraceae, E. atroseptica, and E. carnegieana; and the other (the cytolytica cluster) formed by strains of E. cytolytica, E. chrysanthemi, "E. carotovora f. sp. zeae" (20) , and E. dieflenbachiae. Separation of the soft-rot bacteria into these two distinct genetic clusters generally accords with notions held by bacteriologists who have worked on the genetics of Erwinia. For example, Starr and Mandel(32) showed that E. carotovora, E. aroideae, E. solanisapra, E. oleraceae, E. atroseptica, and E. carnegieann have guaninecytosine contents of their DNA's in the range of 50.8-53.1"/, whereas E. chrysanthemi, the cornstalk rot pathogen ("E. carotovora f. sp. zeae"), E. dieflenbachiae, and E. cytolytica possess higher guanineXytosine contents (53.1-57.1x). Guaninexytosine values reported here for the present materials (Table 1) fall into these ranges. In the white nonpectolytic phytopathogen group, E. rubrifaciens, E. salicis, and E. nigrifluens form a rather loose cluster (the rubrifaciens-salicis cluster), whereas E. quercina, E. amylovora, E. nimipressuralis, and E. tracheiphila are apparently independent of the rubrifaciens-salicis cluster and of each other. Among the examined nomenspecies belonging to the group consisting of the yellow saprophytes plus human clinical erwinias, several strains of E. herbicola, human clinical erwinias, E. nzilletiae, E. trifolii, E. uredouora, E. mzanns, and E. stewartii form a cluster (the herbicolamilletiae cluster) showing higher homology with E. herbicola EH103, E. milletine EM1 16, and human clinical Erwinia strains (EH124 and EH131) than with other groups or genera. Erwinia dissolvens is apparently not included in this herbicola-milletiae cluster, which supports Dye's (15) view that E. dissolvens is not a member of this yellow-saprophyte natural group.
Although the extent of partial homology shown by Erwinia nomenspecies not included in the cluster to which the reference belongs varied in certain ranges depending on the cluster concerned, the lowest hoinology of Erwitzia nomenspecies to one another in any case was about lo%, not significantly higher than the homology shown with some strains from other enterobacterial genera. Partial homology shown by non-Erwinia enterobacteria was at the level of the lowest shown between Erlvinia nomenspecies or lower, but always was significantly higher than the negligible values shown by the unrelated Xnnthomonas pisi.
Although a significant degree of DNA-DNA homology has previously or contemporaneously been noted (2-6, 17) among genera of Enterobacteriaceae, including Erwinia, the questions have not been thoroughly discussed as to (a) whether DNA segments shared by three or more organisms belonging to the genus Erwinia and to other genera are comparable to the segments shared by many species of Erwitzia, and (b) whether the current classification of the genus Erwinia should be maintained regardless of its partial relatedness to other genera or of its internal clustering. In the present study, Brenner et a[. (6) reported that E. carnegiear~rr, the existence of DNA segments common to E. cypripedii, and E. rlzapontici are independent three or more cultures, including Esclzerichia of the two major clusters in the soft-rot bacteria, coli as well as Erwinia nomenspecies, was though they admit the intermediate relatedness confirmed by recurrent-hybridization experi-between E. carr~egieana (which we place in our ments. The core homology shared by Erwinia carotovora-aroideae cluster) and the "carotovorn carotovora and E. ar~zylovora, and Eschericlzia coli was almost equivalent to the size of the segments common to E. carotovora, E. amylovora, and E. herbicola. None of the genetic clusters found in the present study was coextensive with an entire natural group based on pathological and bacteriological traits. More importantly, divergence of organisms within genetic clusters and natural groups was often variable, depending on the clusters or the natural groups concerned. Natural groups within the genus Erwirzia, or at least those that have been delineated up to now, may not be taken as equivalent to solid genetic groups. It is rather difficult, therefore, to assign these genetic clusters or natural groups, as they are, to particular taxonomic entities.
In two genetic clusters found in the soft-rot natural group, there are some nomenspecies that show such close relatedness to one another that they must be considered synonymous; there are others showing less close relatedness. Some definitely synonymous nomenspecies (such as E. carotocora and E. solanisapra) should surely be combined. Erwinia chrysantlzerni and relatives (18, 20) seem to be more closely tied to the cytolytica cluster than to the carotozioraaroideae cluster. Brenner et a[. (6) observed a relatedness among soft-rot erwinias in terms of DNA-DNA homology that is essentially similar to our findings which is not surprising in view of the exchange of cultures and information as our respective studies progressed. In their reassociation experiments with the hydroxyapatitecolumn method, they incubated the DNA's in 0.28 M phosphate buffer at 60 or 75"C, and their discussion was mainly based on the reassociation at 60°C and the thermal-elution midpoint of the group" of organisms. Their taxonomic conclusion (that the genus Pectobacteriurn be resurrected and that five species be assigned to that genus), however, does not seem to us to be justified either on the basis of that work (6), the present study, or other considerations (31). Our observations on the clustering and divergence of organisms in the soft-rot group as well as in other natural groups of the genus Erwinia (and in other genera of phytopathogenic bacteria) lead us rather to abstain froin utilizing genera that subdivide the genus Erwinia (which is already ambiguous in boundaries with some other enterobacteria). Rather, we look toward eventual establishment of a broader genus, which might include some current inembers of the genera Erwinia, Eschericl7ia, Klebsiella, Enterobacter, Serratia, and possibly some other enterobacteria, that is characterized by a partial genetic homology amounting to about 10Sx. It seems to us unwise to combine two genetic clusters of the soft-rot group to form a separate genus (Pectobacterium), especially because members of other probably related genera (e.g. Enterobacter. Klebsiella. Serratia) have not been fully comparkd with these pectob'acteria, and the concept of a genus segregated only on ability to degrade pectic substances would be meaningless and inoperable. Nor is there any strong ground to form a genus composed solely of white nonpectolytic phytopathogens that show very little or no additional segmental homology with each other over the core homology shown among many erwinias and some other enterobacteria. Intrageneric clustering, such as the two genetic clusters in the soft-rot natural group, that is characterized by additional segmental homology over the core homology of the genus but not heteroduplex thus formed. Our results are synonymously uniform may have to be recogconlparable with their results at 75°C with nized taxonomically as species groups (subrespect to the stringency of the specific hetero-genera?) rather than as a genus or as unifornlly duplex formation. Their results at 60°C, when differentiated species. the easily removable nonspecific duplex was
The only multinomenspecies genetic cluster eluted, were to be expected. Their results and found in the white nonpectolytic phytopathogens ours, therefore, complement each other in natural group, the rubrifacie~zs-salicis cluster, general terms.
is not as tight as either of the two genetic clusters in the soft-rot natural group. Distinction among nomenspecies in this white nonpectolytic phytopathogen natural group, in terms of DNA homology, is especially clear-cut as compared with other natural groups. The strains of E. a17zylovora, which nomenspecies has been considered as typifying this group, turned out to be uniformly and completely homologous with one another; on the other hand, they have the lowest DNA-DNA segmental-homology interrelatedness with other nomenspecies in this natural group. The wide differentiation of the DNA's of the organisms in this natural group (with its highly specific host-parasite relationships) reminds us of the similarly specific differentiation of DNA in phytopathogens of the genera Xanthomonas (27) and Corynebacterium (M. P. Starr, M. Mandel, and N. Murata, in preparation), which also have rather specific hostparasite relationships. Host specificity may be a very important characteristic in evolution, exerting profound effects on the differentiation of DNA-base sequences in organisms with highly specific host-parasite relationships, whereas it is possibly not so in organisms with less specific host-parasite relationships or in saprophytes.
Brenner et al. (5) reported DNA-DNA reassociation values, obtained by their hydroxyapatite method, among strains belonging to the white nonpectolytic phytopathogen group of the genus Erwinia that are essentially similar to our results. These organisms (which are the only ones they would retain in their revised genus Erwinin) showed core relatedness with members of the other groups of the genus Erwinia (what they now term Pectobacteriun~ and Enterobacter spp.) and with members of other genera of the Enterobacteriaceae. Within this "true Erwinia" group, some nomenspecies could be clearly distinguished and others show consistent DNA relatedness to the point where they may indicate synonomy. These colleagues seem to be devaluating (revaluing?) the taxonomic importance of DNA-DNA homology in their concept of their limited genus Erwinia to an extent which we are not (in the present state of knowledge) ready to accept wholeheartedly. However, this is a matter of subjective taxonomic tact and not of objective fact; in the latter area, Brenner's group and ours are in substantial agreement.
The yellow saprophytic (epiphytic) and plantpathogenic erwinias (except for E. dissolvens, which is a dubious member of this group) form a loose genetic cluster with a rather diverse extent of partial homologies (Table 6 ). Two strains of E. milletiae, a strain of E. trifolii, and a few strains of E. herbicola form a very tight cluster, whereas some other strains of E. Izerbicola as well as other enterobacterial nomenspecies show varying extents of partial homology. More comprehensive studies may be required to establish valid taxa here. In any case, we consider it now feasible to assign, by means of DNA-DNA segmental homology, unknown organisms with phenotypic similarity to E. herbicoln to the loose genetic cluster composed of many of the yellow saprophytic erwinias. Whether this genetic cluster forms a part of the genus Enterobncter. (16) must be examined in fine detail. In this connection, the type culture of Enterobncter ngglomerans (3435) showed 75% homology with a plant strain of E. herbicola (EH103) and 24% of homology with another Erwinia strain from man (EH124).
This last remark brings us to a more detailed consideration of those relatives of Erwinia herbicola, also known as Enterobacter agglomerans (16), that are being encountered with increasing frequency in various disease conditions in man and other animals (9, 29, 31, 33) . AS shown in Table 7 , the human clinical Erwinia strains that we have examined for DNA-DNA segmental homology, although somewhat heterogeneous, clearly belong to the herbicola-millettiae genetic cluster. There are within this cluster several tighter subclusters, some of which include E. 11er.bicola from plant sources. The human clinical Erwinia strains as well as the plant strains belonging to the E. herbicola natural group are somewhat variable in phenotypic (bacteriological) traits. A. K. Chatterjee and M. P. Starr (unpublished data) have sorted this assemblage into 21 phenotypic groups (see footnote to Table  I ), which parallel in many ways another grouping of these organisms (16). Of these groups, 17 differed from EH103 not at all or in less than five phenotypic characteristics, and the rest of the groups had six, seven, and eight characteristic differences. Twenty-six out of the 30 Erwinia cultures from man examined by Chatterjee and Starr belonged to the former 17 phenotypic groups, and the present materials were selected from these groups. There was often no discernible correlation between the groupings based on bacteriological traits and those based on DNA-DNA segmental homology. For example, although human clinical Erwiizia strains EH131, EH145, and EH148 had no detectable bacteriological distinction from plant E. herbicola strain EH103, higher DNA-DNA segmental homology was observed between EH131 and EH148 and between EH103 and EH145 than between other pairs of these bacteriologically identical strains. Human clinical Erwinia strain EH126 and plant E. lzerbicola strain 2553 had numerous differences in bacteriological traits compared to plant E. herbicola strain EH103, yet neither strain EH126 nor strain 2553 was more diverse in terms of DNA-DNA segmental homology than were other strains that are more closely related in terms of bacteriological traits.
In a very rough approximation, we judge that at least 85%, and possibly all, of the examined human clinical Erwinia strains fall into the herbicola-nzillettiae genetic cluster. We make this approximation by excluding the cultures, about 15% of the assemblage of Erwiizia cultures from man that we have examined, that show the common only to the nomenspecies in a genetic cluster show different responses to formamide concentrations. This finding suggests that the segments differ in the nature of complementarity of base sequence: strictness of matching, redundancy, or something else.
We should also be cautious in evaluating the weight of phytopathogenicity in the classification of these phytopathogens and related organisms. The genus Erwinia encompasses a wide variety of types of symbiotic associations (31) . Among phytopathogenic erwinias, the soft-rot organisms have the least specific host relations. The present study shows that the soft-rot erwinias are divided into two genetic clusters and that the host spectrum of this group of organisms is reflected in relatively small portions of the DNA segments. White nonpectolytic phytopathogenic erwinias, on the other hand, have more strict host specificity and their DNA's are more widely differentiated in accordance with the host specificity. Pathogenicity or host specificity has often been considered a single character conwidest phenotypic discrepancy from the plant trolled by a small number of genes. The specificity epiphytes. In general, the human clinical to plant cultivars in a single host species might be Erwitzia strains are not genetically uniform, but controlled by a few genes, as has been demontheir nonuniformity is comparable to that shown strated in some plant-pathogenic fungi. Specifiby plant epiphytic and allegedly phytopathogenic city to a diversity of genomes of host plants in strains in this cluster. These observations suggest phytopathogenic bacteria has been shown by us to us that Erwinia strains isolated from disease to be parallelled by the differentiation of a large in man probably do not represent the random occurrence of several different organisms, but rather that one or relatively few kinds of erwinias potentially infective for man share a considerable part of their genomes with the phytopathogenic and epiphytic yellow erwinias. Genetic (conjugational) transfer demonstrated among these groups (7-10) supports this view. Further comparative studies, taking into account infectivity, serology, phage typing, and gene transmission, as well as other phenotypic traits and additional exploration of nucleic acid homology, are clearly needed for establishing a valid classification of these organisms. For these proportion of DNA, especially when the hist specificity is strict, as inwhitenonpectolyticphytopathogenic erwinias as well as in phytopathogenic xanthomonads (27) and corynebacteria (M. P. Starr, M. Mandel, and N. Murata, in preparation). The mechanisms by which pathogenicity or parasitism interacts with the differentiation of a large quantity of DNA segments should be further investigated in view of their significance in elucidating the bases of symbiotic associations as well as in taxonomy. Such ecological-genetictaxonomic analyses of these organisms will be of great significance.
Our general conclusions may be summarized reasons, we shall continue to refer to them as as follows. (a) The genus Erwinia is truly entero-"human clinical erwinias" rather than as bacterial, as explicitly stated by Starr and "Enterobacter agglomerans."
Chatterjee (31) , sharing some DNA segments Recurrent hybridization at two different con-with members of other genera of this bacterial centrations of formamide reveals that the re-family; Erwiizia is hardly separable from association at segments common to many Esclzericlzia, Sali~zoizella, Shigella, etc. by the erwinias, regardless of which genetic cluster they extent of partial homology. (b) Genetic clusters belong to, and the reassociation at segments are found within all of D~L ' S natural (pheno-
